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STATEMENT OF MISSION 


The mission of the Spectrum Management Staff is to assist the Department of State, 
Office of Telecommunications Policy, and the Federal Communications Commission in 
assuring the FAA‘’s and the nation’s aviation interests with sufficient protected 
electromagnetic telecommunications resources throughout the world to provide for the safe 
conduct of aeronautical flight by fostering effective and efficient use of a natural 
resource--the electromagnetic radio-frequency spectrum. 


This objective is achieved through the following services: 


¢ Planning and defending the acquisition and retention of sufficient radio-frequency 
spectrum to support the aeronautical interests of the nation, at home and abroad, and 
spectrum standardization for the world’s aviation community. 


¢ Providing research, analysis, engineering, and evaluation in the development of 
spectrum related policy, planning, standards, criteria, measurement equipment, and 
measurement techniques. 


¢ Conducting electromagnetic compatibility analyses to determine intra/inter-system 
viability and design parameters, to assure certification of adequate spectrum to support 
system operational use and projected growth patterns, to defend the aeronautical 
services spectrum from encroachment by others, and to provide for the efficient use of 
the aeronautical spectrum. 


*Developing automated frequency-selection computer programs/routines to provide 
frequency planning, frequency assignment, and spectrum analysis capabilities in the 
spectrum supporting the National Airspace System. 


¢ Providing spectrum management consultation, assistance, and guidance to all aviation 


interests, users, and providers of equipment and services, both national and 
international. 
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INTRODUCTION 


In June 1975, AAF-400 requested that in flight signal strengths measurements of 
20 Southwest Region VORTAC facilities be made. This effort was requested as 
input in the evaluation of VOR and TACAN radiated power requirements for the 
second generation VORTAC program. The Airway Facility Service was interested 
in determining if VOR carrier power and TACAN peak power could be established 
at 100 watts and 5000 watts respectively. 


In October 1975, the measurement work was completed by personnel from the 
Oklahoma City Flight Inspection Field office (OKC FIFO). The resulting data 
was provided to AAF-400 and an analysis was done. Results of this analysis 
were not published. 


Early in 1977, during discussion on the update of the National Standard on the 
VORTAC system, AAF-410 offered to provide this information to ARD-60. We have 
compared the measured data with the predictions of the ITS/FAA model (IF-77). 
The amount of measured data presented in this report is small in comparison 
with the data that was used in the development of the model. Just the same, 
with the developments foreseen in the near future, we felt it important to 

see how these measurements compare with the model. We would expect the 
measured and predicted data to compare well. If this is the case, then it 
makes sense to use the model rather than going through a large measurement 
program each time a decision is required for changes in the system. 


DISCUSSION 


DATA COLLECTION 


The Flight Standard Service selected 20 VORTAC facilities in the Southwest 
Region under the following criteria: 


a. Class H facilities 


b. Anticipated acceptable coverage at 18,000 feet (5486 m) above the site 
elevation in excess of 110 nmi (204 Km) from the facility. 


c. Usable distance is not restricted by shadowing of mountains or other 
objects (man made or natural). 


The facilities selected are shown in Table 1. The Airway Facilities Service 
collected the following information for each facility: 


a. Site elevation 

b. Channel assignment 
c. TACAN peak power 
d. VOR carrier power 


This information is shown in Table 2 along with the flight elevation and 
radial azimuth for each flight. 


The flight measurements were made using a Convair 580 Flight Inspection 
Aircraft (N-92). One radial of each facility was flown at approximately 
18000 feet (5486 m) above the site elevation. At ten facilities, both 
inbound and outbound flights were made between the distances of 110 nmi 
(204 Km) and 140 nmi (260 Km) from the facility. At the other ten sites, 
only outbound flights were made. 


Characteristics of the measurement equipments are shown in Table 3. Of 
particular interest is the point of calibration. The location of this 
point dictates what adjustments are needed in order to reference the 
measured data to the antenna output. 


VOR DATA COMPARISON 


Appendix A shows a comparison of ITS predictions of available VOR signal 
in space and measured antenna output, The predictions were made for general 
variability, 4/3 smooth earth. The measured data was adjusted so that it 
represents the signal at the antenna output. Since the VOR calibration 
point was at the input to the signal splitter and not at the antenna output, 
It was necessary to add 0.5 dB (compensation for cable loss) to the measured 
data. Appendix A compares the predicted signal which would be available 
from a lossless isotropic antenna (this does not include the effect of the 
airborne antenna pattern) with measured data at the antenna output (this 
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TABLE 3, MEASUREMENT EQUIPMENT CHARACTERISTICS 


TACAN 

Receiver: Sierra Test Set and King 7000, No. 2 RCVR, SN Unknown 
Antenna: AT-741 B/A 

Antenna Gain: Approximately 1.5 dBi Mainbeam 

Cable Loss; Approximately 2.5 dB between the Antenna Output 


and the Receiver Input. 
Calibration Point: At the Antenna Output 
Calibration Curve: Figure C 21 


VOR 

Receiver: No. 2 RCVR, Bendix 4165.3A, SN 1153 
Antenna: 37J Mounted above the Cabin 

Antenna Gain: Approximately 0.5 dBi Mainbeam 

Cable Loss: Approximately 0.5 dB between the Antenna 


Output and the Signal Splitter Input; Approximately 
3.5 dB between the Input to the Signal Splitter 
and the Receiver Input. 

Calibration Point: At the Input to the Signal Splitter 

Calibration Curve: Figure A 21 


includesthe effect of the airborne antenna). This is equivalent to assuming 
an isotropic airborne antenna. This was done for several reasons: 


a. Measured antenna patterns are not available for this particular 
antenna on this particular aircraft. 


b. Measured data for a similar antenna mounted at a similar position 
on a similar aircraft are not available in any large quantity. 


c. The airborne antenna pattern is a complex, three dimensional variable. 
When precise patterns are available, they often show large variations 
over small angle changes. The angle of interest changes with movement 
of the aircraft. Motion averaging takes place as the aircraft changes 
its orientation in space and its position with respect to the ground 
facility. As a result, the airborne antenna pattern is a difficult 
variable to handle even when it is precisely available. 


For these reasons, we decided not to try to account for the antenna pattern 
effects by adjusting either measured or predicted data. Those reading this 
report should feel free to apply their knowledge of airborne antennas to the 
data comparison as they feel appropriate. 


In general, there is good correlation between the measured and the predicted 
VOR data. Measured VOR data from two of the facilities (Junction, Tx. and 
San Antonio, Tx.) fell predominately above the 5 per cent prediction. While 
this in itself is not unexpected, the measured data looks unusual because 
there appears to be little or no fall-off in signal strength as a function 
of distance. Measured VOR data from one of the facilities (Abilene, Tx.) 
fell predominately below the 95 per cent prediction. This signal, however, 
does fall-off as a function of distance. Most of the measured VOR data 

fell between the 5 per cent and 95 per cent prediction Limits. 


In Appendix B, the measured VOR signal is plotted in microvolts. Since the VOR 
receiver was calibrated at the input to the signal splitter, the measured data 
is referenced to this point. The plotted data in Appendix B ignores the 3.5 dB 
loss between the input to the signal splitter and the receiver. 


TACAN DATA COMPARISON 


Appendix C shows a comparison of ITS predictions of available TACAN signal 
in space and measured antenna output. The predictions were made for general 
variability, 4/3 smooth earth. Since the measurement system was calibrated 
at the antenna output, the measured data represents the signal level at the 
antenna output. No adjustment of measured data was required. Since the 
cable iosses amount to 2.5 dB, the signal would be that much smaller at the 
receiver input. Appendix C is therefore a comparison of signal in space 
(which does not include the airborne antenna) with measured data at the antenna 
output (which necessarily includes the effect of the airborne antenna). This 
is equivalent to assuming an isotropic airborne antenna. The reasons for 
this are similar to those given for the VOR situation with one exception. 
Detailed antenna patterns are available for five L-band (960-1215 MHz) 
antennas on a Sabreliner. While it is not appropriate to apply them directly 


to the measured data in this report, they are representative of 
the general nature of L-band antenna patterns and they point out 
how antenna patterns can be difficult to use even when precise 

measurements are available. 


In general, there is good correlation between the measured and 
the predicted TACAN data. The TACAN data is far more jagged than 
the VOR data. This may be due to signal multipath or it may be 
due to nulls in the airborne antenna pattern. In spite of this, 
the majority of the data falls between the five percent and 95 
percent prediction limits. 


DIFFERENCES BETWEEN INBOUND AND OUTBOUND FLIGHTS 


There are clear differences between data collected on inbound 

and outbound flights. Data collected on inbound flights is 
noticeably larger. On the average, inbound VOR data is 5.5 dB 
larger than the outbound data. Similarly, the inbound TACAN data 
is 2.1 dR larger than the outbound data, Signal strength differ- 
ences are attributed to differences between the airborne antenna 
pattern gains off the nose and off the tail. The calculations 
used to quantifity these differences are shown in Appendix D.. 


DATA COMPARISONS CONSIDERING SPECIFIC TERRAIN 


Appendix G shows a comparison of ITS predictions of available 

VOR signal in space and measured antenna output. Appendix H 
shows a comparison for TACAN. The measured dataare the same 

as that in Appendixes A and C. The predicted data are different 
in that they attempt to include the effects of the specific 
terrain on each radial flown. Since the terrain is different 

at each site, the predictions are different as well. Consequently, 
it is no longer possible to compare predictions and all measured 
data on only four graphs as is done in Figures 1 through 4. This 
results in a very limited amount of measured data for each case. 
The amount of data is not sufficient to discuss correlation. 

For this reason, this data does not allow any conclusive state- 
ments concerning the model's ability to consider specific terrain. 


One way to validate the terrain sensitivity of the model, 

would be to take ten inbound and outbound runs on each radials 
flown. This could be done for a number of radials on a 

number of facilities. With such an approach, it would be 
advisable to choose sites with wide variations in terrain, from 
very flat to very mountainous. There does not appear to be 

a pressing need to do this work at this time. 


Consideration of local terrain is a time consuming process, 
even when it is done for only one radial. The frequency 


assignment process must consider the entire service volume of all affected 
facilities. To consider local terrain for routine frequency assignments 
would require an automated process. This could be done by extending and 
validating present capabilities. At this time, however, this does not 
appear to be necessary or cost effective. 


CONCLUSIONS AND RECOMMENDATIONS 


1. For both VOR and DME/TACAN, there is a good correlation between the 
measured data and the predicted data without giving special consideration 
to terrain. The ITS model is therefore, the appropriate tool to use for 
coverage predictions for such projects as second generation VORTAC and 
the update of the National Standard on the VORTAC system. 


2. When a signal strength prediction is required for a large number of 
terrain conditions, we recommend that "Four Thirds Smooth Earth" and 
95 percent availability be specified as input paremeters to the model. 


3. With a minimum allowable VOR transmitter power of 100 watts, the VOR 
signal strength in space at the critical point of the high altitude 
service volume (18000" (5486 m), 130 nmi. (240 km)) does not meet the 
requirements of the present National Standard (-111 dBw/m2= -84 dBm). 


4. With a minimum allowable TACAN transmitter power of 5000 watts, the TACAN 
signal strength in space at the critical point of the high altitude 
service volume (18000' (5486 m), 130 nmi. (240 km)) does not meet the 
requirements of the present National Standard (-86 dBw/m2 =-78.5 dBm). 


5. Since a very limited amount of data was taken at each site, no conclusive 
statements can be made concerning the model's ability to account for 
specific terrain, 


6. Consideration of specific terrain is a time consuming process involving 
a certain amount of judgement. At this time, it does not appear 
beneficial to consider terrain in the routine FAA frequency assignment 
process. 


7. The airborne antenna pattern is the most difficult parameter to handle. 
The high correlation between predicted power available in space and 
measured antenna output indicates that assuming an isotropic airborne 
pattern is not unreasonable. Comparison of the composite data plots 
indicate that these particular antennas are slightly above isotropic 
for the inbound flights and slightly less than isotropic for the 
outbound flights, 
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ACRONYMS 
Airway Facilities Nav/Com Engin. Division 
Airway Facilities Navaids Branch 
Automatic Gain Control 
FAA Spectrum Management Staff 
Decibels 
Antenna Gain Relative to an istropic Antenna 
Decibels Relative to a Milliwatt 
Decibels Relative to a Watt 
Distance Measuring Equipment 
Equivalent Isotropic Radiated Power 
Federal Aviation Administration 
Flight Inspection Field Office 
High Altitude (A Class of Navigation Facility) 
Height of Ground Antenna above Site Elevation 
Height of Aircraft above MSL 
Facility Identifier 
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Kilowatt 
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Mean Sea Level 
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VORTAC 
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Serial Number 

Systems Research and Development Service 
UHF Tactical Air Navigation Facility 
VHF Omnirange Facility 
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APPENDIX A 


COMPARISON OF ITS PREDICTIONS OF AVAILABLE 
VOR SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Appendix A shows a comparison of predicted and measured data. The predicted 
data is based on the ITS computer outputs shown in Appendix E. Adjustments 
to the predictions have been made in order to account for slight differences 
in station EIRP's. Since many stations differed in EIRP by less than 1.0 dB, 
it seemed pointless to make 20 computer runs when 5 would suffice. The 
measured data has been adjusted in order to compensate for cable loss 
between the antenna output and the calibration point. Consequently, the 
data shown is actually 0.5 dB greater than the raw measured data (See 

Table 3, page 5). 
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A COMPARISON OF I.1.S, PREDICTIONS OF AVAILABLE 
VOR_ SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Amarillo, Tx VORTAC, 100° Radial 

I-AMA, 117.3 MHz, Oct.. 1975, N-92 

100 Watts (20.0dBw) Transmitter Power 
Flown 17950' (5471 m) Above Site Elevation 
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Cimarron, N.M. VORTAC, 110° Radial 

I-CIM, 116.4 MHz, Oct. 1975, N-92 

140 Watts (21.5dBw) Transmitter Power 
Flown 18005' (5488 m) Above Site Elevation 
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El Paso, Tx VORTAC, 115° Radial 

I-ELP, 115.2 MHz, Oct. 1975, N-92 : 
145 Watts (21.6dBw) Transmitter Power | 
Flown 17980' (5480 m) Above Site Elevation 
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Greater Southwest, Tx VORTAC, 175° Radial 
I-GSW, 113.1 MHz, Oct, 1975. N-92 

150 Watts (21.8dBw) Transmitter Power 
Flown 18035' (5497 m) Above Site Elevation 
Measured Data From Outbound Flight 
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Las Vegas, N.M. VORTAC, 90° Radial 

I-LVS, 117.3 MHz., Oct. 1975, N-92 

120 Watts (20.8dBw) Transmitter Power 
Flown 18000' (5486 m) Above Site Elevation 
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Millsap, Tx. VORTAC, 140° Radial 

I-MQP, 117.7 MHz, Oct. 1975, Ne92 

130 Watts (21.1dBw) Transmitter Power 
Flown 18045' (5500m) Above Site Elevation 
Measured Data From Outbound Flight 
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I-OKC, 115.0 MHz, Oct. 
140 Watts (21.5dBw) Transmitter Power 
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Flown 17900' (5456m) Above Site Elevation 
Measured Data From Outbound Flight 
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San Angelo, TX VORTAC, 250° Radial 

I-SJT, 115.1 MHz, Oct. 1975, N-92 

145 Watts (21.6dBw) Transmitter Power 
Flown 17990' (5484 m) Above Site Elevation 
Measured Data From Outbound Flight 
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I-TCC, 113.6 MHz, Oct. 1975, N-92 

136 Watts (21.3dBw) Transmitter Power 
Flown 18038' (5498 m) Above Site Elevation 
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APPENDIX B 


MEASURED VOR RECEIVER INPUT 


Appendix B shows the VOR data plotted in microvolts. The measured data has 
been adjusted in order to account for attenuation between the calibration 
point and the input to the VOR receiver. Consequently, the data shown here 
is 3.5 dB less than the raw measured data and 4.0 dB less than the ad justed 
data given in Appendix A. 
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APPENDIX C 


COMPARISON OF ITS PREDICTIONS OF AVAILABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 
nt REY ANTENNA OUTPUT 


Appendix C shows a comparison of measured and predicted data. The predicted 
data is based on the ITS computer outputs shown in Appendix E, Adjustments 
to the predictions have been made in order to account for slight differences 
in station EIRP's, Since many stations differed in EIRP by less than 1.0 dB, 
it seemed pointless to make 20 computer runs when 4 would siffice. Since 

the TACAN equipment was calibrated at the antenna Output, no adjustment in 
the measured data was necessary. 
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Millsap, Tx. VORTAC, 140° Radial 

I-MQP, 117.7 MHz., Oct. 1975, N-92 

5.2 KW (37.2 dBw) Transmitter Power 
Flown 18045' (5500m) Above Site Elevation 
Measured Data From Outbound Flight 


t. 


i 

HH 

LE 
te 


HE 
EEE 


Rit 
HHT 
HAN 
HERA 
HAAR 


BESHeeee ere 
cceccteess 


i 
Ht 
i 
i 
| 
i 
| 


i 
i 


iF 
i 
ii 


ai! 
e 
i 


: 
i 
i 
it 
4 
ii 
ti 
lt 
ti 

i 


Es 
ul 
Ae 
i 
ff 
Ht 
He 
EH 


eT 
Ht 
HN 


| 
: 
i 


33sca tases teszataass snssvaseassassasaecs sanssssess ssesseses tasseesese cess = 


TT 


eawser.. 

S2een~ 

eveen ————— ooo 
a Seen 7. =o tacesceeeu sense sa pe EEE EEE EE EE SE EEE EEE Se 


csaene RH Be HEREC EERE eee Lig Ssnageneascsccssnsesssessredestsseusases itssessscs 


——- 5% (Upper Curve) 
—— 50% (Middle Curve) 
—— -- 95% (Lower Curve) 
nn arv ewes Free Space 


eeenn se: a eeees peane ree el LD cdead eEeen: 
sauuececes sscuesness MEASURED TACAN DATA TAKEN Scsces scssucsses peedesetes tceeussees seuss ceess caseeteseatsnee conan 
BEStsretctee! AT THE ANTENNA OUTPUT | SHeiteteste tee ee 
 ~=—— Outbound Aircraft Suinssa feiss teas vss onsi sviievins iene Sen ESTOS 
issssssgassesaas Soa5z33553 5355555553 sSes8senss sassesesss oeeesesss a 
eecessssazssetevoc.<-setSnsnssssaning-asesiaaad iessaiav’(csseeosssoseeteeee. caateee comesce “stee seasccee)’ -iveasussssenecwer’ = 


FEES Seepeeepgeepgeeegeaen et teit= SPECTRUM MANAGEMENT STAFF, ARD-60 
Heit Submitted Approved March 


Seafecnfesstasefasstsestscsi fe sioeeeeePaSSSSESSSE= RID,SMITH J.L.PIERZGA 1977 


FIGURE C 9 


| | 
SC 


Fa OF 


A 


A COMPARISON OF I.T.S. PREDICTIONS OF AVAILABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Oklahoma City, Ok, VORTAC, 140° Radial 
I-OKC, 115.0 Mhz, Oct. 1975, N-92 


5.0 KW (37.0 dBw) Transmitter Power 
Flown 17900' (5456m) Above Site Elevation 
Measured Data From Outbound Flight 
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I-PER, 113.2 Mhz, Oct. 1975, N-92 

4.2 KW (36.2 dBw) Transmitter Power 
Flown 18549' (5654m) Above Site Elevation 


Measured Data From Outbound Flight 
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TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 
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10.0 KW (40.0 dBw) Transmitter Power 
Flown 17600' (5364m) Above Site Elevation 
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APPENDIX D 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


Data taken on inbound and outbound flights shows a decided difference in 
signal strength. It is assumed that this difference is due entirely to 
the difference in airborne antenna gains for the two orientations. (The 
inbound and outbound flights were done consecutively.) The calculations, 
shown in this appendix, were done in order to quantify this difference 
more precisely, 


Data points were taken every 2 nmi from strip chart measurements of five 
facilities. Inbound and outbound signals were compared and the signal 
differences determined. Data was ignored if notes on the strip chart 
recordings indicated that the plane was still turning near the start of 
a run or if a TACAN unlock was noted. Calculations show the average 
difference in received signals. 


AVERAGE DIFFERENCES BETWEEN 
INBOUND AND OUTBOUND SIGNALS 


Average 


The inbound signals are this much larger than the outbound 


signals on the average. 


VOR 


5.46 dB 


TACAN 


2.7 


2.06 dB 


DISTANCE 


110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 


140 


AGC 


5.75 


5.65 


5.55 


5.35 


5.25 


5.05 


4.95 


4.85 


INBOUND 
uv 


25 
24 
23 
21 


20 


ABQ VOR 
DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


4.6 
4.55 
4.5 
4.45 
4.4 


4.4 


OUTBOUND 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 5.2 dB. 


SIGNAL 


DIFFERENCE 


5.9 
509 
5.8 
5.5 
5.6 
5.5 
5.5 
5.5 


5.5 


ABQ TACAN 
DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND OUTBOUND SIGNAL 
DISTANCE AGC dBm AGC ‘BM DIFFERENCE 
110 2.85 64.8 3.05 -68.5 3.7 
112 2.95 -66.6 3.05 -68.5 1.9 
114 2.85 -64.8 3.05 -68.5 3.7 
116 2.80 -63.9 2.95 -66.6 a 
118 2.95 -66.6 3.15 -79,5 3.9 
120 2.80 -63.9 3.05 -68.5 4.6 
122 2.95 -66.6 3.05 -68.5 1.9 
124 3.00 -67.5 3.20 “71.5 4.0 
126 3.30 -73.6 3.35 -74.6 1.0 
128 3.20 -71.5 3.30 -73..6 2.4 
130 3.40 -75.6 3.65 -81.1 5.5 
132 3.55 -78.9 3.55 -78.9 0 
134 3.55 -78.9 3.70 -82.2 a3 
136 3.60 -80.0 3.60 -80.0 0 
’ 138 5,25 -72.6 3.45 -76.6 4.0 
140 3.20 -71.5 3.25 -72.6 bi 
-1127.3 -1170.7 43.4 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 2.7 dB. 


AMA VOR 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND OUTBOUND SIGNAL 
DISTANCE AGC uv dBm AGC uv dBm DIFFERENCE 

110 - - - AIRCRAFT Z 
112 - - - TURNING - 
114 6.0 25 -79.0 4.8 10.1 -86.9 7.9 
116 6.0 25 -79.0 4.75 9.7 -87.3 8.3 
118 5.9 23 -79.8 4.8 10.1 -86.9 Tit 
120 5.8 21 -80.7 4.6 8.5 -88.3 7.6 
122 5.6 18.1 -81.8 4.55 8.1 -88.8 7.0 
124 5.7 19.8  -81.0 4.6 8.5 -88.3 7.3 
126 5.6 18.1 -81.8 4.5 7.8 -89.1 73 
128 5.5 16.7 -82.6 4.5 7.8 -89.1 6.5 
130 5.4 15.3 -83.2 4.45 7.4 -89.6 6.4 
132 5.3 14.4 -83.8 4.35 6.8 -90.3 6.5 
134 5.1 12.6 ~-84.9 4.3 6.5 -90.8 5.9 
136 4.9 10.9 -86.1 4.4 Zl -90.0 3.9 
138 4.8 10.1 -86.9 4.35 6.8 -90.3 3.4 
140 4.7 9.3 -87.7 4.25 6.2 -91.2 55 

-1158.3 -1246.9 88.6 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 6.3 dB. 


AMA TACAN 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNAL 


INBOUND OUTBOUND SIGNAL 
DISTANCE AGC dBm AGC DIFFERENCE 


110 2.8 -63.9 2.75 -0.9 
2.9 -65.7 3.0 1.8 
-63.9 3.0 3.6 
-61.0 9.5 
-65.7 


-75.6 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 1.6 dB. 


LVS VOR 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND @UTBOUND 
DISTANCE AGC uv AGC uv 


110 37.8 5.8 21 
112 TACAN UNLOCK 
19.8 


17.4 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 6.1 dB. 


SIGNAL 
DIFFERENCE 


LVS TACAN 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND OUTBOUND SIGNAL 
DISTANCE AGC ‘dBm AGC dBm DIFFERENCE 

110 3,15 -70.5 3.25 -72.6 2.1 
112 %,3 -73.6 3.35 -74.6 1.0 
114 2.85 -64.8 2.85 -64.8 0 
116 2.75 -63 2.85 -64.8 1.8 
118 2.9 -65.7 2.9 65.7 0 
120 3.05 68.5 3.2 -71.5 3.0 
122 3.05 -68.5 3.2 -71.5 3.0 
124 3.2 -71.5 3.25 -72.6 1.1 
126 3.2 -71.5 3.2 -71.5 0 
128 2.9 65.7 2.95 -66.6 0.9 
130 2.65 -61 2.85 -64.8 3.8 
132 2.8 -63.9 2.85 -64.8 0.9 
134 2.8 -63.9 2.95 -66.6 2.7 
136 2.8 -63.9 3.0 -67.5 3.6 
138 2.8 -63.9 2.95 66.6 2.7 
140 2.9 65.7 3.1 69.5 ae 

-1065.6 -1096.0 30.4 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 1.9 dB. 


ROW VOR 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND OUTBOUND SIGNAL 
DISTANCE AGC uv dBm AGC uv dBm DIFFERENCE 

110 6.15 28 -78.0 5.5 14.4 -83.8 5.8 
112 6.1 27 -78.4 538 12.6 -84.9 6.5 
114 6.05 26 -78.7 oe | 12.6 -84.9 6.2 
116 6.05 26 -78.7 5.1 12.6 -84.9 6.2 
118 6.0 25 -79.0 5.05 12.2 -85.0 6.0 
120 5.95 24 -79.4 5.05 12.2 -85.0 5.6 
122 5.9 23 -79.8 5.0 11.8 -85.6 5.8 
124 5.85 22 -80.3 5.0 11.8 -85.6 3.3 
126 5.8 21 -80.7 5.0 11.8 -85.6 4.9 
128 5.3 19.8  -81.0 4.9 10.9 -85.2 5.2 
130 5.6 18.1 -81.8 4.8 10.1 -86.9 ie 
132 5.45 16 -82.9 4.65 8.9 -88.0 54 
134 5.4 15.3 -83.2 4.6 8.5 -88.3 531 
136 5.4 15.3 +83,2 4.55 8.1 -88.8 5.6 
138 5.3 14.4 -83.8 4.55 8.1 -88.8 5.0 
140 5.25 13.9 -84.0 4.5 7.8 89.1 Sz 
-1292.9 -1381.4 88.5 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 5.5 dB. 
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ROW _TACAN 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND OUTBOUND SIGNAL 
DISTANCE AGC dBm AGC dBm DIFFERENCE 

110 2.8 -63.9 2.9 -65.7 1.8 
112 2.9 -65.7 2.95 -66.6 0.9 
114 2.8 -63.9 3.05 -68.5 4.6 
116 2.9 -65.7 3.05 -68.5 2.8 
118 2.95 -66.6 ol -69.5 2.9 
120 3.0 -67.5 3.15 -70.5 3.0 
122 2.95 -66.6 a1 -69.5 2.9 
124 2.15 -70.5 3.25 -72.6 2.1 
126 3.1 -69.5 405 -77.7 8.2 
128 3.45 -76.6 $43 -73.6 -3.0 
130 3.2 -71.5 3.6 -80.0 8.5 
132 a2 -71.5 3.25 -72.6 1a 
134 3.2 -71.5 3.4 -75.6 4.1 
136 3.45 -76 .6 3.4 -75.6 -1.0 
138 3.3 -73.6 5.3 -73.6 0 
140 i -72.6 343 -73.6 1.0 

-1113.8 -1153.7 39.9 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 2.5 dB. 


D 10 


DISTANCE 
110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 
138 


140 


TCC VOR 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


5.65 


5.55 
5.55 
5.45 
5.35 
3-3 
5.2 
4.9 
4.85 
4.7 
4.55 


4.4 


INBOUND 
uv 


19.8 


AGC 


OUTBOUND 


uv 


dBm 


AIRCRAFT TURNING 


Ded 


14.4 


13.4 


7.8 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 4.2 dB. 


-83.8 
-84.4 
-84.9 
-85.0 
-87.3 
-87.7 
-88.3 
-89.1 
-90.0 
-90.0 
-90.0 


-90.8 


5.4 


ca aaa a 


TCC _TACAN 


DIFFERENCE BETWEEN INBOUND AND OUTBOUND SIGNALS 


INBOUND OUTBOUND 
DISTANCE AGC dBm AGC ‘dBm 

110 - - AIRCRAFT TURNING - 
112 2.4 -56.5 2.5 -58.2 L.7 
114 2.45 -57.3 2.6 -60 2.7 
116 2.4 -56.5 2.5 -58.5 17 
118 2.4 -56.5 2.65 -61 4.5 
120 2.6 -60 2u2 -62 2.0 
122 2.45 -57.3 2.75 -63 $7 
124 2.75 -63 2.8 -63.9 0.9 
126 2.65 -61 2.85 -64.8 3.8 
128 2.8 -63.9 2.95 -66.6 
130 3.0 -67.5 2.95 -66.6 -0.9 

132 2.85 -64.8 2.85 -64.8 0 
134 3.6 -80 35% -69.5 -10.5 
136 3.05 -68.5 3.45 -76.6 8.1 
138 2.8 -63.9 2.95 -66.6 $.7 
140 2.95  -66.6 2.85 -64.8 -1.8 
-943.3 -966.6 23.3 


| 
| 


THE AVERAGE DIFFERENCE IN RECEIVED SIGNAL IS 1.6 dB. 


APPENDIX E 
I.T.S. COMPUTER MODEL OUTPUTS 


The predicted data in Appendixes A and C are based on the computer outputs 
given in this Appendix, Predictions were made assuming general variability, 

4/3 smooth earth, With this assumption and with similarities from site to 
site, it was not necessary to run 20 graphs for VOR and 20 graphs for TACAN. 
Only 5 VOR graphs and 3 TACAN graphs were necessary. Minor adjustments to the 
predictions were required in order to use the same graph for several facilities 
with slightly different transmitter powers. These adjustments are shown in 
Table E-1. 


In calculating the EIRP of the TACAN facilities, an RTA-2 antenna with a 
mainbeam gain of 7.4 dBi was assumed. For all but the mountain top facility, 
cable loss of 1.0 dB was assumed. For the mountain top facility (CIM), an 
additional cable loss of 3.0 dB was assumed for a total of 4.0 dB loss at this 
one site, 


In calculating the EIRP of the VOR facilities, a mainbeam antenna gain of 2.2 dBi 
was assumed for all facilities. For all but the mountain top facility, cable 
loss of 3.0 dB was assumed. For the mountain top facility (CIM), an additional 
cable loss of 3.0 dB was assumed for a total of 6.0 dB loss at this site. 
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PAPAMTTERS FOR ITS PROPAGATION MODEL FEB 760 
77702418, 15.09.50. PUN 


“POWER AVAILABLE FO? vor 
FEQUIRED OR FIXED 


AIRCRAFT (O® HIGHER) ANTENNA ALTITJ2= 18000. FY ABOVE MSL 


en ERCILETY €OF LOWERT NT ER HEIGHTS . 1060 FT ABOVE SITE SURFACE 
__ FREQJENCYS 112. MHZ ae OE he a 2 eee 


AISCXAFT ANTENNA TYPE! TSOTROPIC _ 
POLARIZATIONS HOSIZONTAL. 
FFFESTIVE PEFLECTICN SUSFACE ELEVATTIN APOVE MSit 0. FT 

FIXP PLUS RECEIVING ANTENVA VAIN REA“ GAIN? 47.7 G2W 
FACILITY ANTENNA TYPE! 4=LOCP APPAY (COSINE VERTICAL PATTERN) 
POLAXI7ATION? HORIZCNTAL 
_COUNTERPOTSE STAMETER? 526 FT eS RSE 
FEIGHT: 12. FT ABOVE SITs SURFACE 
SURFACES METALLIC ay 
HOSI7ZON O2STASLE DISTANCES 4.91 N 4I FEOM FACILITY* 
ELEVATION ANGLE!  -O/ 3/41 JEG/MIN/SEC ABOVE HORIZONTAL® _ 
HEIGHT? 0. Fr ABOVE MSL 


FEFPACTIVITY: 


FFF-CTiv= £A2TH SADIUSS 4580. N MI* 


MINIMUM MONTHLY EAN 23046 N-UNTTS AT SEA LEVEL _ 
SUAFACS FEFLESTION LORING? CONTRIBUTES TO VARIABILITY 
CUPFACE “YP=% AVESAGE GPOUNG 5S: 
TEFRAIN ELEVATION AT SITFE O. =T ABOVE MSL 
TEPRAIN PARAMCTER!? 94 FT sr. 
TIME AVAILARILITY? FOR INSTANTANEDUS LEVELS EXC 


* COMPUTED VALUE 


w 

al es es es / 

o wo 

Ei pe ea B 

. eve 

aic=s- = 
H | nd 

: | Bs Bik 

oe 

LS) 

F = 
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19.2 dBW 
Polarization Horizontal 


Smooth earth 
Distance in n mi 
FIGURE E 2 


EIRP 
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MOP Vi a[qd[ 1DAD Jaaoy 


FREQUENCY! 1412. MHZ 


AIRCRAFT ANTENNA TYPE? TSOT3OPIC 


FARAMETERS FOR ITS P-OPAGATION MODEL FES 76 ~~ 
__ 77/02/18. 250006956 RUN 


~ POWER AVAILABLE FOR voP 
REQUIRED OR FIXED 


_ AIREXBF]_ (OP HECHER) ANTENNA RETITUDES 46000. 67 ABOVE Mt. 
~ FACILITY (Of LOWER) ANTENNA HEIGHT 16.0 FT ABOVE SITE SURFACE 


__ SPECIFICATION OPTIONAL _ 


——— eo em wm wm mw oem wee wr erecre 


PCLARIZATION: HORIZCNTAL 
CFFESTIVE KFFLECTION SURFACE ELEVATION A?OVE MSL? Ce 
EIRP PLUS FECETVING Anois HAIN S264 GAINES 19.2 DA 
FACIL-I7Y AN: ENNA TYPES LOGP An=fY (COSINE VERTICAL PATTERN) 
PCLs a i ht HORIZO oars 


coun TEE SE STAMETER? 52. Fi is Se a RG se 
EIGHT 12. FY AROVE STTE SURFACE 


ee ACE METALLIC = 2 Se 
HOPIZON CASTACLE DISTANCES 4.94 N MI FROM FACILITY* 
ELEVATION ANGLES -O/ 3/41 JEG/MIN/SEC ABOVE HORIZONTAL* 
HEIGHT? 0. FT AROVE MSL 
PEC Gee ee Ro Nn kd Oe eee oe Loa 
LFFECTIV= FAP TH RADIUS? nee: N MI* 
MINIMU4 “ONTHLY MEAN 2302-¢ N-UNITS AT SEA LEVEL 
SUPFACE FZFLFCTION LORING?: SORTeTBUTES TO VARIABILITY 
SUnFACE “YPE% AVERAGE GROUNC 4 
TERRAIN ELEVATION AT SITE? 0. FT ABOVE MSL 
_TERRAIN PARAMETERS O. FT Asie ees, Ree ee 
TIME AYATILAHBILI7Y?: FO2 INSTANTANEDUS LEVELS EXCEEIED 


* COMPUTED VALUE 


71/02/18. 15.00.59, 
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PACLMETESRS FOS ITS PLOPAGATION MODEL FES 76 
77/02/18. 15.09.4336 FUN 


~ POWFP AVAILABLE FO? VOPR 
PEQUIRED OR FIXED 


AI REXAFT (OF HIGHES) ANTENNA ALTITULE 43900. FT ABOVE MSL 
FACILI7Y (Or CORES} ANTERNE FETGHT? ~ 4620 FT ABOVE SITE SURFACE 
FREQUENCY? 112. MHZ a 
pe oct SPECIFICATION GPTIONAL oS 
AIRCXAFT ANTENNA TYPZ? ISOTFOPIC 
a POLARIZATION HOEIZONILL06€U0©€©€=~=~C~—~—~—~—~—~—~—~——,,. 
EFSETTIVI REFLECTION SURFACE ELEVATI3N AROVE MSL? 0. FT 
£X[-~P PLU] FECEFIVING ANTENNA MAIN SEAN GAINS 21.2 O02W 
FACILI7Y ANTONNE TYP: G-LOUP ARPAY (SOSINE VERTICAL PATTERN) 
POLASIZ7ATIUNS HORIZONTAL 
COUNT EPPO ESE OPSUET ER? Se. Ft x 
; HEIGHT? 12. FI ABOVE SIiz SJRFACE 


SURFACE: METALLIC 
KO:I7GN CSSiACLE DISTANCE? 4.94 N “I FROM FACILITY* 
=ZLEVATION ANGLE? -0/ 3/41 DEG/MIN/SEC ABOVE HORIZONTAL* | 
hliGHTS Q. FT ABOVE MSL 
_ REEPACTIVITY? a 
EFFECTIV® EARTH PADIUS?: 4586. N 4I* 
MINIMUM MONTHLY MEAN 2301. N-UNITS AT StA LeVEL | 
Su: FACz= FEFLECTION LOSING: CONTRIGUTES TO VARIABILITY 
SUTFAG+ TYPE! AVERAGES GPOUND 
TEORAIN “LEVATIGN AT SITE? 0. ©7 ABOVE MSL 
_TERPAIN TAPAMETERS @. FT 


TIME AVAILATiLI7Y? FOR INSTANTANEDUS LEVELS EXCEEDED 


* COYPUT=AD VALUE 
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ETERS FOR TTS P\OPAGATION MODEL 
77/02/18. 15401403. RUN 


~ POWFE AVAILABLE FO VOx 
ReQUISED OR FIXED. 


= HIGHER) ANTENNA ALTITUDE? 2000056 FT ABOVE MSL 


LOWES) ANTENNA AEIGHT? ~ 46.0 FT ABOVE SITE SURFACE 
112. MHZ 


AIRCZAFT (0 
ERG ItTy ¢0 
REQJENCY? 


SPECIFICATION OPTIONAL 


_ AIRCRAFT ANTENNA TYPE? ISOTROPIC 


POLAPIZATION? HOPIZONTAL 
EFFESTIVE REFLECTION SURFACE ELEVATION AROVE MSL? 0. FT 
FIDP PLUS FECEIVING ANTENNA MAIN FEA SALINE 20.9 DOW 
FACILITY ANTENNA TYPTE G-LOOP ARFAY (COSINE VERTICAL SATTERN) 

FOLAPIZTATTONS HORTZONTAL 

_COUNTEFPOISE JIANETER? 


HIGHT? ae FT Ago 
SURFACES STALLIC 
HOFIZCN C3STACLE DIST ANGE &.91 N MI FLOM FACILITY*® 
ELEVATION ANGLES _ cos 3/41 JEG/MIN/SEC ABOVE HORIZCNTAL* 
HEIGHT? 0. FT ABOVE MSL 
REFROCTIVITY! he te Oe eee 

EFFPCTIVE FARTH RADIUS? 4586. N MI* 

MINIMUM MONTHLY MFAN 3301-6 NeJINTTS AT SEA LEVEL 
SURFACE PEFLECTION LOSING: CONT®IBUTES TO VARIA2ILITY 
SUSFACE TYPES AVE=AG= GROUND 
TERRAIN ELEVATION AT SITE? O. =7 ARIVE MSL 
TESRAIN PAFAMETCE Oe FT ata 
TIME AVATLATILI7TY?: FOR INSTANTANESUS LEVELS EXCEEDED 


* COMPUTED VAEUE 


$7, 
——— Imiddle) 502 
957, 


—— (lower) 


TT/02/18. 15.01.06. 
eecsonceeuence Free spece 


—— (upper) 


Run Code 


20.8 dBw 
Polarization Horizontal 


Smooth earth 


EIRP 


112. MHz 
16. ft above surface 


17600. ft above ms] 
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PARAMETEPS FOR ITS PAOPAGATTON MODEL FEB 76 
—FTLOCAIB. 15001506. RUN 


“POWER AVAILABLE FOR yor 
REQUIRED OR FIXED 


AIFC=AFT (C= HIGHEF) ANTENNA ALTITUUZ! 17609. FT ABOVE MSL 


FACILI7y (0° LOWEP) ANTENNA FEIGHT™? 16.0 =T ABOVE SITE SURFACE 
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* COMPUTED VALUE 
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PARAMETERS FOR ITS PROPAGATION 
_?Fs 0241S. 
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MOOEL 
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ANTENNA ALTITJCES 


HIGHc ) 


LOWER) ANTENNA HEIGHT? 
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FACILITY 
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, SPECIFICATION. OPTIONAL 
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ARANITERS FOR ITS P.OPAGAi ION MODEL FES 76 
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ORPAMLTERS FOR ITS P=OPAGATION MODEL FES 76 
__ 77/02/16. 156016256 FUN 


AIRC7AFT (OF HIGHE=) ANTENNA ALTITUDE 
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APPENDIX F 


TERRAIN PROFILE SHOWING LINE OF SIGHT 
FOR THE FLIGHT LEVEL AT EACH FACILITY 


Using the ECAC terrain file, terrain profiles were made for the particular 
azimuth flown at each facility. Using these profiles, the line of sight 
distances can be determined for the particular flight level flown on each 
radial. This is shown in Figures F 1 through F 40. Of the twenty facilities 
tested, it appears that data was collected beyond line of sight only at 
Abilene, Tx. and Trugh or Consequencies, N.M. 


Table F-1 on page F-42 gives the horizen parameters for the radial flown 
at each of the sites. The values were taken from the digital computer 
printout on which figures F 1 through F 40 were based. 
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Abilene, Tx. 
Albuquerque, N.M. 
Amarillo, Tx. 
Cimarron, N.M. 

El Paso, Tx. 


Greater Southwest, Tx. 


Junction, Tx. 

Las Vegas, N.M. 
Millsap, Tx. 
Oklahoma City, Ok. 
Pioneer, Ok. 
Roswell, N.M. 

San Angelo, Tx. 
San Antonio, Tx. 
Texico, Tx. 


Truth or Consequences, 


Tucumeari, N.M. 
Tulsa, Ok. 
Waco, Tx. 
Wink, Tx. 
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HORIZON PARAMETERS 
From ECAC Terrain Files 


Distance 
nmi 
(22. 


(27. 
(23, 
Pe 
(55. 
(43. 
(45. 
-3) 
eh), 
~o4 
-9) 
-7) 
-5) 
9) 
-3) 
-6) 
22) 
-7) 
oa) 
-0) 


In 
12. 


14. 
12% 
3Dr. 
30. 
23,6 
OES. 

8. 


oM. 


wa © © OF St © Oo & MW Ui VM @® © WwW oo VI &) “Oo 


3 


(65 


(16 


(Km) 
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Elevation (MSL) 
_In Feet (m)_ 
2390" ( 728) 
5471' (1668) 
3440' (1049) 
6239' (1902) 
5208' (1587) 
855" (261) 
2195' ( 669) 
6900' (2103) 
852° ( 260) 
1382" ( 421) 
980" ( 299) 
3698! CT eT) 
2245' ( 684) 
788' ( 240) 
4100' (1250) 
602" (1860) 
4201! (1280) 
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2819" ~( 859) 


APPENDIX G 


COMPARISON OF ITS PREDICTIONS OF AVAILABLE VOR SIGNAL 
IN SPACE (CONSIDERING LOCAL TERRAIN) AND 
MEASURED ANTENNA OUTPUT (PLOTTED IN dBw) 


The measured VOR data shown in this Appendix are identical 

to the data given in Appendix A. The ITS predictions of 
available VOR signal are different. In this Appendix, the 
predictions attempt to take into account the different 

terrain on the azimuth flown for each VORTAC. Terrain 
profiles, based on the ECAC terrain files, are shown in 
Appendix F. These graphs were drawn by a computer model 

which also provides a digital printout of the data. A 

summary of the digital outputs of the horizon parameters is 
Shown in Table F-l, page F- 2. These values were used as input 
parameters for the ITS/FAA model. The resulting model outputs 
are shown in Appendix I. 
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Abilene, Tx VORTAC, 210° Radial 
I-ABI, 113.7 MHz, Oct. 1975, N-92 

140 Watts (21.5dBw) Transmitter Power 
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I.T.S. PREDICTIONS OF 
POWER AVAILABLE IN SPACE 


POWER AVAILABLE IN dBm 
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—— 50% (Middle Curve) 
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VOR_SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Albuquerque, N.M. VORTAC, 180° Radial 
I-ABQ, 113.2 MHz, Oct. 1975, N-92 
125 Watts (21.0dBw) Transmitter Power 

Flown 18008' (5489 m) Above Site Elevation 
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A COMPARISON OF I.T.S, PREDICTIONS OF AVAILABLE 
VOR_SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Amarillo, Tx VORTAC, 100° Radial 

I-AMA, 117.3 MHz, Oct.. 1975, N-92 

100 Watts (20.0dBw) Transmitter Power 
Flown 17950' (5471 m) Above Site Elevation 
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A COMPARISON OF I.T.S. PREDICTIONS OF AVAILABLE 
VOR_SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Cimarron, N.M. VORTAC, 110° Radial 

I-CIM, 116.4 MHz, Oct. 1975, N-92 

140 Watts (21. 5dBw) Transmitter Power 
Flown 48003" oe m) Above Site Elevation 
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VOR_ SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUTS 


El Paso, Tx VORTAC, 115° Radial 

I-ELP, 115.2 MHz, Oct. 1975, N-92 

145 Watts (21.6dBw) Transmitter Power 
Flown 17980! (5480 m) Above Site Floste ans 
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Greater Southwest, Tx VORTAC, 175° Radial 
I-GSW, 113.1 MHz, Oct, 1975. N-92 

150 Watts (21.8dBw) Transmitter Power 
Flown 18035' (5497 m) Above Site Elevation 
Measured Data From Outbound Flight 
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130 Watts (21.1dBw) Transmitter Power 
Flown 18042' (5499 m) Above Site Elevation 
Measured Data From Outbound Flight 
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A COMPARISON OF I,7,S, PREDICTIONS OF AVAILABLE 
root VOR SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Las Vegas, N.M. VORTAC, 90° Radial 

I-LVS, 117.3 MHz, Oct. 1975, N-92 

120 Watts (20.8dBw) Transmitter Power 
Flown 18000' (5486 m) Above Site Elevation 
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tt A COMPARISON OF I,T,S, PREDICTIONS OF AVATLABLE 
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Millsap, Tx. VORTAC, 140° Radial 

I-MQP, 117.7 MHz, Oct. 1975, Ne-92 

130 Watts (21.1dBw) Transmitter Power 
Flown 18045' (5500m) Above Site Elevation 
Measured Data From Outbound eas 
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Oklahoma City, Ok. VORTAC, 140° Radial 
I-OKC, 115.0 MHz, Oct. 1975, N-92 

140 Watts (21.5dBw) Transmitter Power 
Flown 17900' (5456m) Above Site Elevation 
Measured Data Eres Outbound Flight 
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A COMPARISON OF I,T,S, PREDICTION OF AVAILABLE 
VOR SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Pioneer, Ok. VORTAC, 170° Radial 

I-PER, 113.2 MHz, Oct. 1975, N-92 

100 Watts (20.0dBw) Transmitter Power 
Flown 18549' (5654m) Above Site Elevation 
Measured Data From Outbound ‘Flight 
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Roswell, N.M. VORTAC, 30° Radial 

I-ROW, 116.1 MHz, Oct. 1975, N-92 

122 Watts (20.9dBw) Transmitter Power 
Flown 17600' (5364 m) Above Site elevation 
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A _CGMPARSION OF 1.7.5. PREDICTIONS OF AVATLABLE 
VOR SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


San Angelo, TX VORTAC, 250° Radial 

I-SJT, 115.1 MHz, Oct. 1975, N-92 

145 Watts (21.6dBw) Transmitter Power 
Flown 17990' (5484 m) Above Site Elevation 
Measured Data From Outbound Pili ghe 
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Texico, TX VORTAC, 60° Radial 

I-TXO, 112.2 MHz, Oct. 1975, N-92 

147 Watts (21.7 dBw) Transmitter Power 
Flown 17978' (5480 m) Above Site Elevation 
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Truth Or Consequences, N.M. VORTAC, 360° RADIAL 

I-TSC, 112.7 MHz, Oct. 1975, N-92 

118 Watts (20.7dBw) Transmitter Power 
Flown 17997' (5485 m) Above Site Elevation 
Measured 
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Tulsa, OK VORTAC, 190° Radia? 

I-TUL, 114.4 MHz, Oct. 1975, N-92 

115 Watts (20.6dBw) Transmitter Power 
Flown censena (5489 m) Above Site Elevation 
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Waco, TX VORTAC, 180° Radial 

I-ACT, 115.3 MHz, Oct. 1975, N-92 

150 Watts (21.8dBw) Transmitter Power 
Flown 18000' (5486 m) Above Site Elevation 
eased Data From Outbound Flight 
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Wink, TX VORTAC, 180° Radial 

I-INK, 112.1 MHz, Oct. 1975, N-92 

147 Watts (21.7dBw) Transmitter Power 
Flown 20223' (6650 m) Above Site Elevation 
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APPENDIX H : 

COMPARISON OF ITS PREDICTIONS OF AVAILABLE TACAN SIGNAL 
IN SPACE (CONSIDERING LOCAL TERRAIN) AND 
MEASURED ANTENNA OUTPUT (PLOTTED IN dBW) 


The measured TACAN data shown in this Appendix are identical 

to the data given in Appendix A. The ITS predictions attempt 

to take into account the different terrain on the azimuth flown 
for each VORTAC. Terrain profiles, based on the ECAC terrain 
files, are shown in Appendix F. These graphs were drawn by 

a computer model which also provides a digital printout of the 
data. A summary of the digital outputs of the horizon parameters 
is shown in Table F-l, page F-42. These values were used as 
inputs parameters for the ITS/FAA model. The resulting model 
outputs are shown in Appendix I. 
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Albuquerque, N.M. VORTAC, 180° Radial 
I-ABQ, 113.2 Mhz, Oct. 1975, N-92 

4.6 KW (36.6 dBw) Transmitter Power 
Flown 18008' (5489m) Above Site Elevation 
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A COMPARISON OF I.T.S. PREDICTIONS OF AVATLABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 
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Cimarron, N.M. VORTAC, 110° Radial 

I-CIM, 116.4 Mhz, Oct. 1975, N-92 

10.0 KW (40.0 dBw) Transmitter Power 
Flown 18005' toneen) Above Site Elevation 
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A COMPARISON OF I.T.S. PREDICTIONS OF AVAILABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Greater Southwest, Tx. VORTAC 175° Radial 
I-GSW, 113.1 Mhz, Oct. 1975, N-92 

4.1 KW (36.1 dBw) Transmitter Power 

Flown 18035' (5497m) Above Site Elevation 
Measured Data From Outbound dee 
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A COMPARSION OF I.T.S. PREDICTIONS OF AVAILABLE 935555555 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT HEH 


Junction, Tx. VORTAC, 150° Radial 

I-JCT, 116.0 Mhz, Oct. 1975, N-92 

10.0 KW (40.0 dBw) Transmitter Power 
Flown 18042' (5499m) Above Site Elevation 
Measured Data From Outbound Flight 
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A COMPARISON OF I.T.S. PREDICTIONS OF AVAILABLE : 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Millsap, Tx. VORTAC, 140° Radial 

I-MQP, 117.7 MHz., Oct. 1975, N-92 

5.2 KW (37.2 dBw) Transmitter Power 
Flown 18045' (5500m) Above Site Elevation 
Measured Data From Oucbowst dicts 
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A COMPARTSON OF ‘Ls, PREDICTIONS OF AVAILABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Oklahoma City, Ok, VORTAC, 140° Radial 
I-OKC, 115.0 Mhz, Oct. 1975, N-92 

5.0 KW (37.0 dBw) Transmitter Power 
Flown 17900' (5456m) Above Site Elevation 
Measured Data From Outbound Flight 
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FIGURE H 10 


A COMPARISON OF I.T.S. PREDICTIONS OF AVAILABLE 


TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Pioneer, Ok, VORTAC, 1700 Radial 

I-PER, 113.2 Mhz, Oct. 1975, N-92 

4.2 KW (36.2 dBw) Transmitter Power 
Flown 18549' (5654m) Above Site Elevation 


Measured Data From Outbound Flight 
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TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT #=otee4 


Roswell, N.M. VORTAC, 30° Radial 

I-ROW, 116.1 Mhz, Oct. 1975, N-92 

10.0 KW (40.0 dBw) Transmitter Power 
Flown 17600' (5364m) Above Site Elevation 
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FIGURE H 12 
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San Angelo, Tx. VORTAC, 250° Radial 
I-SJT, 115.1 Mhz, Oct. 1975, N-92 

9.0 KW (39.5 dBw) Transmitter Power 
Flown 17990' (5484m) Above Site Elevation 
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FIGURE H 13 
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rt TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


San Antonio, Tx. VORTAC, 190° Radial 
I-SAT, 116.8 Mhz, Oct. 1975, N-92 

4.3 KW (36.3 dBw) Transmitter Power 
Flown 18106' (5519m) Above Site Elevation 
Measured Data From Outbound Flight 
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FIGURE H 14 


A_ COMPARISON OF I.T.S. PREDICTIONS OF AVAILABLE 
a eeee eee TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Texico, Tx. VORTAC, 60° Radial 

I-TXO, 112.2 Mhz, Oct. 1975, N-92 

10.0 KW (40.0 dBw) Transmitter Power 
Pies ks ee Above Site nigrar ies 
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FIGURE H 15 


POWER AVAILABLE IN dBm 
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Truth Or Consequences, N.M. VORTAC, 360° Radial 
I-TSC, 112.7 Mhz, Oct. 1975, N-92 

9.7 KW (39.9 dBw) Transmitter Power 

Flown 17997" (5485m) Above Bite sidan 
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A COMPARISON OF I.T.S, PREDICTIONS OF AVAILABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Tucumari, N.N. VORTAC, 90° Radial 
I-TCC, 113.6 Mhz, Oct. 1975, N-92 

9.5 KW (39.8 dBw) Transmitter Power 

Flown 18038! il Above Site Elevation 
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A_ COMPARISON OF I.T,.S, PREDICTIONS OF AVATLABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Tulsa, Ok, VORTAC 190° Radial 

I-TUL, 114.4 Mhz, Oct. 1975, N-92 

6.0 KW (37.8 dBw) Transmitter Power 
Flown 18008' (5489m) Above Site Elevation 
Measured Data From Outbound Flight 
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FIGURE H 18 


A_ COMPARISON OF 1.7.8, PREDICTIONS OF AVAILABLE 
TACAN SIGNAL IN SPACE AND MEASURED ANTENNA OUTPUT 


Waco, Tx. VORTAC, 180° Radial 

I-ACT, 115.3 Mhz, Oct. 1975, N-92 

6.0 KW (37.8 dBw) Transmitter Power 

Flown 18000' (5486m) Above Site Elevation 
Measured Data From Outbound Flight 
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APPENDIX I 
ITS COMPUTER OUTPUTS 
FOR APPENDIXES G AND H 


The predicted data in Appendixes G and H are based on the 
computer outputs contained in this Appendix. A total of 
40 graphs are shown, one for each VOR and TACAN at each 
of the 20 VORTAC stations. The major difference between 
the graphs in this Appendix and the graphs in Appendix E 
is in the way terrain was considered. In Appendix E, 
predictions were made for "four thirds smooth earth." 
Basically, this means that terrain was assumed to be very 
smooth. In this Appendix, consideration was given to the 
terrain on the specific azimuth flown at each site. 

Among the changes required, were the following: 


1. The horizon parameters generated by the ECAC 
terrain data file (see Table F-1, page F-42) were 
used in the predictions. 


2. The terrain reference planes (see Table I-1l, page 
I-2) were chosen on the basis of the terrain pro- 
files in Appendix F. 


3. An ITS program, using the ECAC terrain data, was 
used as an aid in choosing the surface refractivity 
(N_) and terrain roughness parameter (Ah). See 
Table I-l, page I-2. 


Since the terrain is different at each site, the predictions 
are different as well. Consequently, it is no longer pos- 
sible to compare predictions and all measured data on only 
four graphs as was done earlier in this report (Figures 1 
through 4). 


Although the ITS/FAA model is capable of taking terrain 

into account, a certain amount of judgment is required in 
choosing some of the input parameters which describe terrain. 
The ECAC terrain profiles can be used as a guide. Computer 
programs which analyze terrain can also serve as an aid. 

In the final analysis, the choice of certain input parameters 
is a matter of experienced judgment. As a result, taking 
terrain into account in signal strength predictions is a 

more time consuming matter than the usual predictions for 
“four thirds smooth earth." 


Abilene, Tx. 
Albuquerque, N.M. 
Amarillo, Tx. 
Cimarron, N.M. 

BEI Paso, Ix. 

Greater Southwest, Tx. 
Junction, Tx. 

Las Vegas, N.M. 
Millsap, Tx. 

Oklahoma City, Ok. 
Pioneer, Ok. 

Roswell, N.M. 

San Angelo, Tx. 

San Antonio, Tx. 
EFOXLCOy TX. 

Truth or Consequences, 
Tucumeari, N.M. 

Tulsa, Ok. 

Waco, 1. 

Wink, Ix... 


TABLE I-1 
ITS MODEL INPUTS 


REFRAC 


NS 


N.M. 


TIVITY 
Effective 
Earth 
Radius 
4480 
4209 
4335 
4187 
4279 
4666 
4487 
4161 
4595 
4528 
4561 
4310 
4473 
4665 
4288 
4250 
4279 
4597 
4639 
4351 


TERRAIN 


Ah 


100 
300 

5) 
300 
350 
200 
350 

50 
100 
100 
100 
100 
200 
200 

30 
500 
100 
100 
100 
100 


Reference 
Plane 
1780 
5471 
3440 
6100 
4000 

500 
1900 
6790 

800 
1350 

920 
3600 
1900 

700 
4030 
4800 
4000 

780 

500 
2819 
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